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eNon-equilibrium phase transition
induced»by pressure ' .
eSupersaturation results in non-
equilibrium 2-D dendritic growth
of the more condensed phase

ePressure relaxation drives the
system to the equilibrium state
characterized by round domains
eObserved in a few other
surfactant systems*

*Timora K.-1.;et al. Langmuir 2001, 17,4602 -
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‘Brewster's Law ——
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Halliday, D., Resnick, R. , Fundamentals of Physics, b.870 (1988)

\@{X( Experimental — Brewster Angle Microscopy
> : : M

 For a dlean interface, the image should
be uniformly dark as no light s reflected. [

30mW@688nm’
(100:1 p+s light) -




Experimental - Brewster Angl

Surface heterogeneity (>20um)is
observable by this techique.

30mW@68”8'nm\,i_\n

(100:1 p+sl P'Polarizei- .

POSS Derivatives -~~~
Octaisobutyl-POSS =~ eCyclopentyitrisilanol-POSS -
eIsobutyltrisilanol-POSS  «Cyclohexyitrisilanol-POS




IT /mNem

2 Pl
A /A" monomer

Suiface pressute

PDMS terminated with A di COOH;
X mono COOH; e di Si{CH,),; —di OH

+Highly sensitive to functionality

” ([aQ.\‘ SMUJ\OL U\bJr e
w:ww
e Please. add a comma-

| olber “al.T %sz@ax*ai&

POSS Samples (T= 22.5°C)
—— Isobutyltrisilanol

—— Cyclopentyltrisilanol
~— Cyclohexyltrisilanol |
i {=== Octaisobutyl

50100 150 209
A /A .molecule




Octaisobutyl-POSS |
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ONon-equlhbrlum phase transntlon
mduced by pressure - :

' OSupersaturatlon results in non-_' ”
_ eqmllbrlum 2-D dendritic growth

of the more condensed phase

ePressure relaxation drives the
.system to the equnllbrlum state -
characterlzed by round domalns

OObserved in a few other
-surfactant systems*

*imora,K-L;et al, Langmuir 2001, 17, 4602
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Scales corresnond 0 500 um.

«Ideal uniform blends (0-100
WEY%POSS, 1-3), LB<50Wt% POSS

eDendritic domains form at 4 (50-'
100 wt%) POSS, size Tas POSS 1, -
round domains (POSS < 50 wt%)

eBanded structure = PtBA collapsei |
*6* = 60 wt% lBu7T7/PtBA blend
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Scales correspond to 500 um. -

*PVAc/iBugTg: Non-ideal
mixing like PDMS/iBugTg

eUnlike PDMS system, POSS is -
almost completely excluded
from the interfacel!!
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Scales conéspond 0’500 pm.

Summary: POSS Blends
. POSS derivatives exhibit surfactant propertles
that vary with structure .

. Homogeneous films W|th near rdeal mlxmg for
iBu,T;-+PDMS, PVAc or PiBA (P < 18 mN-m-1)
but BAM shows samples are dlsperSIOns

 For P> 18 mNem-!, non-equrhbnum dendntlc
domains form for pure iBu,T; & |Bu7T7+PtBA
(>50wt% POSS), round domalns as POSS

ol Bu7T7+PDMS uniform dlspersrons (>m
|Bu7T7+PVAc rmmrscrble (>mm)




Heat Flow (mw)
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ROMP with
Mo Catalysts

a: R =cyclohexyl
b: R = cyclopentyl




10wt% of CyPOSS

- CyPOSS is more soluble in the polymer matrix than CpPOSS 7
* Also seen for random polymers, resulting in a greater AT, for CyPOSS

.27 |




Morphology of PQSS:IPN‘,Di'bIbq'k Copolymers ( M)
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Morphology of POSS/PN Diblock Copolymers (TEM)
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/ Tensile Storage Modulus Variation with
# POSS Content at Three Temperatures -

Temperature (PC)
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Up to 50 weight % of POSS-nobornene was incorporated into the norbornene “ )

copolymer without adversely affecting the room temperature modulus, and

increasing the use temperature of these materials over 50 °C.

& Nanoﬂﬂwkuro ?

- CyPOSS-rich domains may entrain more unoriented PN chains .
“than CpPOSS-rich domains, which could reduce the recoverable strain.
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X Reanalysis of the Random 50 CyPOSS/PN S
e - o

B

50%CyPN - FTreconstruction

* Strong anisotropy and correlations ﬁbte_d—hintsj at assémbled e

structure !




\ 4 O
\J Summary: POSS copolymers

A variety of POSS “monomers” can be
copolymerized into common systems (styrenic,
acrylics, polyimides, etc.) '

The polymlerzatlon parameters don’t appear to be N
greatly affected, and the POSS is compatible wnth ‘
the matrix (optlcally transparent)

The model POSS-norbornene copolymers show
distinct differences in mechanical behavior and
morphology for differences in POSS corona
chemistry (cyclopentyl vs. cyclohexyl)

Evidence of larger scale structures.

ROMP with
Mo Catalysts

a: R=cyclohexyl ¢: R= isobutyl
b: R =cyclopentyl d: R= phenyl




Polymeric Materials fofAerbépacé_

» Offer many advantages
— Lightweight
— Easy to process
— Versatility
— Optically transparent or opaque
— Rubbery or stiff
— Conductive or insulating
» However, their use is limited due to severe
degradation in operation (Low Earth Orbit,
high speed, high flux)
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*A series of
POSS/EPDMs
were tested

Pasttire thicknose, "
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‘Goal: Develop Multl-Functlonal
Space-Resistant Matena_ls

C,H,C(=0) 39 320 Kapton®
N 32 390 - Kapton® .
CF,CF, . 43 20 . FEPTeflon®
CFF 85 23" FEP Teflon®
Si-0 83 150 ©  Nanocomposite ..
81 - 7 150 Nanocomposite ‘

A0 - 53 . 230 Nanocomposite . °

Objectives :
« Increase Space Resistance (AO, particle & VUV radlatlon, thermal cyclmg)

of Polymeric Materials

. Self-Passnvatlnngelf-ng|d|zmgISeIf-HeaImg based on orgamcl morgamc
nanocomposite mcorporat:on .
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XPS survey spectra obtained from a solvent-cleaned, POSS-PDMS film (a) after insertion into
the vacuum system, (b), after a 2-hr (c) 24.6-hr and (d) 63-hr exposure to the hyperthermal AQ
flux, and (€) 4.75-hr air exposure following the 63-hr AO exposure.
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High Resolution C 1s.and O 1s spectra obtained from a sblvent-éleahed, l_’OSS-PDMS film (a)
after insertion into the vacuum system, (b), after a 2-hr.(c) 24.6-hr and (d) 63-hr exposure to the
hyperthermal AO flux, and (e) 4.75-hr air exposure following the 63-br AO exposure.




Atomic Oxygen Resistance of POSS Siloxane

N(E) (arbitrary units)

'\l"'?!l'l)ll!ﬂlll]l‘ll
105 100
Binding Energy {(eV)

High Resolution Si 2p spectra obtained from a solvent-cleaned, POSS-PDMS film (a) after
insertion into the vacuum system, (b), after a 2-hr (¢) 24.6-hr and (d) 63-hr exposure to the
hyperthermal AO flux, and (e) 4.75-hr air exposure following the 63-hr AO exposure.

Summary: Aerospace Polymers |

+ POSS can be compatabilized into traditional
systems in high loadings (>50 wt%), allowing
great opportunity for ceramic formation

* The reactive POSS corona, or the incompletely
oxidized silsesquioxane core might favor the
formation of the protective ceramic coating




